Abstract. In this contribution we present initial results of a study on convective boundary mixing (CBM) in massive stellar models using the GENEVA stellar evolution code (Eggenberger et al. 2008) . Before undertaking costly 3D hydrodynamic simulations, it is important to study the general properties of convective boundaries, such as the: composition jump; pressure gradient; and 'stiffness'. Models for a 15M star were computed. We found that for convective shells above the core, the lower (in radius or mass) boundaries are 'stiffer' according to the bulk Richardson number than the relative upper (Schwarzschild) boundaries. Thus, we expect reduced CBM at the lower boundaries in comparison to the upper. This has implications on flame front propagation and the onset of novae.
One of the key properties of a boundary is its 'stiffness'. The 'stiffness' of a convective boundary can be quantified using the bulk Richardson number, Ri B , which is the ratio of the potential energy for restoration of the boundary to the kinetic energy of turbulent eddies. It is given by
where ∆B(r) = r r0 N 2 (r )dr ,
where r is the radius, r 0 the radial co-ordinate of the convective boundary and L is the length scale that characterises turbulence and is taken to be the pressure scale height at the boundary. The final expression is the Brunt-Vaisala frequency (e.g. see Kippenhahn et al. 2013) , within the brackets is the familiar Ledoux criterion for convective stability. A 'stiff' boundary will suppress convective boundary mixing (CBM), whereas in the opposite case a 'soft' boundary will be more susceptible to CBM. Typical values of bulk Richardson numbers for 'stiff' and 'soft' boundaries are 10,000 and 10, respectively. From Fig. 1 (bottom left panel) it can be seen that the bulk Richardson number is larger for the lower convective boundary, implying a 'stiffer' boundary and suppressed convective boundary mixing (CBM). The reason for this is despite the length scale for the 2 A. Cristini, R. Hirschi, C. Georgy, C. Meakin, D. Arnett, M. Viallet lower boundary been slightly smaller, the peak N value is larger for the lower boundary.
The results presented here are in agreement with 3D simulations e.g. the oxygen burning shell of a 23 M model by Meakin & Arnett (2007) . Suppressed CBM at lower convective boundaries has implications for other areas of astrophysics e.g. Denissenkov et al. (2013a) show that the onset of novae is affected by CBM, Denissenkov et al. (2013b) and Jones et al. (2013) also show that flame front propagation in S-AGB stars is affected by CBM.
Following a preliminary characterisation of the convective boundaries multi-D hydrodynamic simulations of convective nuclear burning shells will commence, using the code PROMPI, a parallelised version of Prometheus. Simulations are planned for the carbon and silicon burning shells of massive stars. These results will be important for the community, in understanding the advanced phases of stellar evolution, and also to produce more accurate 1D pre-supernova progenitor models.
